Mike Greenberg is a visionary leader with a passion for his scientific endeavors and training the next generation of neuroscientists. In an interview with Neuron, he discusses the inspiration he finds from the past, the challenges and promises for the field, and how his independent streak and love of discovery fuels him.
What has been the highlight of your career? While I realize this may be a stock answer, I can't help but say that I have been extremely fortunate to have had a career with many highlights. The first one came as a postdoctoral fellow with Edward Ziff. Ed and I found that growth factors send signals to the nucleus within minutes to activate transcription of the Fos gene. A couple of years later, together with Ed and Lloyd Greene, I showed that an ion channel, the L-type voltage calcium channel, when activated, signals to the nucleus to activate gene transcription. As I started my laboratory at Harvard Medical School, I was intrigued by the possibility that Fos activation might provide a clue to the molecular underpinning of the critical periods identified by Hubel and Wiesel. Investigating this possibility has been my passion for the last thirty years. Thanks to the hard work and brilliance of the many students and postdoctoral fellows who have passed through my laboratory during this time, we now know a lot about the signaling networks by which Fos and other activity-regulated genes shape the development and plasticity of the nervous system. Each of the discoveries along the way to this understanding has been a highlight of my career.
Other highlights have been the opportunities offered to me as Director of the F.M. Kirby Center and Chair of the Department of Neurobiology at HMS. In these roles I have been challenged to develop my abilities as a leader and to use these skills to help enrich the neuroscience environment at Harvard. As Chair, I have the responsibility of leading efforts to recruit and mentor young faculty, to develop a vision for the future of neuroscience, and to create a collaborative and creative working environment at Harvard. Being Chair takes a lot more work than I had expected. I find it very challenging to try to be a good Chair, while also running an effective academic laboratory where research progress and the training of the next generation of scientists are both highly valued. There never seems to be enough time in the day to do it all. Fortunately, I have many wonderful colleagues who provide both wisdom and hands-on help as I attempt to meet these challenges. The successes that I have had in this endeavor have been very rewarding. Working in the department where many of the tenets of modern neuroscience were formulated has been highly motivating.
What do you see as critical for training the next generation of neuroscientists? Neuroscience is undergoing a revolution due to the development of many amazing new technologies, including high-resolution microscopy, optogenetics, connectomics, single-cell sequencing, RNAand ChIP-seq, and gene editing methods, to name a few. While the availability of these techniques will quicken the pace of discovery, their effective use will require that the next generation of neuroscientists be broadly trained in physics, mathematics, chemistry, and biology and exposed within the laboratory to research that ranges all the way from molecular to systems neuroscience.
What do you think are the big questions to be answered next in your field?
The big question that I would like to see an answer to in my lifetime is how sensory experience through gene transcription regulates learning, memory, and behavior. Answering this question is likely to provide insight into how memories can be kept in the human brain for as long as a century. While a number of laboratories have begun to address this question, until now there has been an absence of suitable approaches for tackling this challenge in the most rigorous way. With many new technologies at our disposal, I think we should be able to get some satisfying answers in the next decade.
In the molecular neuroscience arena, I think the study of gene regulatory elements that control experience-dependent transcription is going to be particularly exciting. We now appreciate that these gene expression responses are coordinated by a vast network of distal enhancer elements that vary significantly between neuronal subtypes. Large-scale genetic studies suggest that sequence variants in these elements may account for a significant component of human neurological disease and phenotypic variation; however, the individual contribution of these elements to gene regulation and neural function remains almost totally unexplored. Thankfully, new techniques such as ChIP-seq and ATAC-seq make it possible to define the full complement of these active elements within specific neuronal subpopulations. In addition, the advent of new CRISPR/Cas-based technologies may allow for the regulated control of enhancer function in awake behaving animals, thus facilitating assessment of the role of individual cis-regulatory elements-and ultimately activity-dependent gene transcription for learning, memory, and behavior.
What's your favorite experiment? My favorite experiment is always the one that is ongoing in the laboratory. I am extremely motivated by the possibility of a new discovery, even when it is made by a member of my lab rather than me. However, once a paper is published, I am mentally on to the next thing-I tend not to look back. Someone once told me (I can't remember who) that science is like rock and roll-you are only as great as your latest hit. So I focus my attention on the present. Right now some members of my laboratory are searching for (and have found) neuronal activity-regulated genes that have evolved specifically in primates. How these genes have evolved and what they do in the human brain has captured my attention.
What is your view on big datagathering collaborations as opposed to hypothesis-driven research by small groups? There is obvious value to both approaches, and if discovery in brain science is to move forward as rapidly as possible, we should not be debating this issue. Both big data-gathering and hypothesis-driven research are essential to rapid progress in our field. We should not be forced to choose. If funding for science were not so limited, we probably would not be discussing this issue.
What do you think are the biggest problems or challenges science as a whole is facing today? The U.S. has clearly been the world leader in biomedical research for the last 50 years. As I alluded to earlier, our biggest challenge now is funding. There simply hasn't been enough support for basic and translational research in the U.S. for the last decade. If we solve this problem, we will witness breathtaking progress in the field of neuroscience. The recent announcement of the Chan Zuckerberg Initiative with Cori Bargmann as the leader is a huge step in a positive direction.
Another major challenge is the lack of diversity with regard to women and under-represented minorities at the postdoctoral and faculty level at Harvard and other research institutes around the U.S. I don't think we have yet figured out the best ways to address this issue at a national level, though I am taking it as a personal challenge to help solve this problem within my laboratory and the Department of Neurobiology at HMS. In addition, the recent announcement by HHMI of the Hanna H. Gray fellowships, which provide student-to-postdoc-to-faculty transition awards for women and under-represented minorities, gives me hope that the situation will improve in the next decade.
Where do you see the strongest potential for progress and new breakthroughs in neuroscience?
In the next decade we will see great progress as the systems neuroscientists who study neural circuits begin to collaborate with molecular neuroscientists who investigate the signaling networks within neurons that control the development and function of these circuits. This sort of collaborative work will not only provide important insight into brain development and function, but also holds the key to understanding neurological and psychiatric disease.
What question keeps you awake at night? I generally try to stop thinking about science an hour or two before I go to sleep so I am not kept awake at night by the questions that I have left unanswered. This generally works well for falling asleep; however, I frequently find myself waking up very early in the morning to ponder some aspect of our science, or an administrative problem that I haven't yet managed to solve.
How do you find inspiration?
By learning and trying new things.
I am also inspired by scientific discoveries of the past, understanding how they were accomplished, and appreciating the features of the scientists' personality that led to success.
The scientists I know well have been my role models over the years. There is not one person in particular, but many individuals together who have filled this role for me, including my mentors, colleagues, and trainees. In addition, I find myself motivated by scientists who have faced hardship but have persevered and succeeded. One name that comes to mind is Rosalind Franklin. I have also had several trainees who have struggled with life-threatening illnesses but nonetheless have maintained their excitement and investment in science. These individuals have been particularly inspiring to know and work with.
What do you do when you're not in the lab? I spend time with my family and friends, bike, hike, read, and play chamber music (though not in the last couple of years). Mostly I happily write letters of recommendation for current and previous trainees as well as many neuroscientists across the country who are up for promotion.
What career paths did you consider other than being a scientist? I was thinking of a career in law or public policy but became mesmerized by the revolution in molecular biology and biochemistry that was taking place while I was in high school and college in the late '60s and early '70s. I also had an early ambition of being a novelist, as I have high admiration for great writers. However, I didn't enjoy the process of writing enough, and I don't think I actually have the talents required to be a successful writer.
What motivated you to become a scientist? I have been very motivated by a fascination with biology, specifically molecular biology and neuroscience, and more recently-like many older scientistsevolution. I am also excited by the possibility that as a scientist I might make long-lasting, positive contributions to the world. Another aspect of the life of a scientist that I find appealing is that as the head of a lab, you are your own boss. I have a very strong independent streak and feel best when I am able to chart my own course.
Did you encounter particular difficulties? How did you overcome them?
The process of becoming a scientist was not easy for me. There were many skills to master that I found challenging. However, I think some attributes that I have in abundance-persistence, determination, ambition, and passion for finding solutions to problems-helped me to climb over obstacles that might have been in my way.
Who were your key early influences? My parents encouraged me in academics and, together with my teachers in the '60s and '70s, instilled in me the importance of making a contribution to the world. While I wasn't particularly inclined toward science in my early life, an opportunity to participate in a National Science Foundation summer program for high school students at the Roswell Park Memorial Institute (now the Roswell Park Cancer Institute) in Buffalo changed the course of my life. There I worked in the laboratory of Dr. Jake Bello and became captivated by biochemistry and biophysics. After graduating from high school, I was invited back to the Institute for three subsequent summers. Jake Bello was an exceptional mentor for me. He spent hours each day answering my questions. A bonus was that I got paid to work in the laboratory at a time when my family's resources were very limited. Given how pivotal this experience was for me, it's frustrating to think that the number of such opportunities for high school students in the U.S. is decreasing.
What were the key lessons you learned during your time as a graduate student at Rockefeller that informed the way you conduct research as a principal investigator? Rockefeller provided me with tremendous independence as a graduate student even though, for my doctoral work, I chose a lab that was notoriously difficult to navigate. My thesis advisor was very demanding and often discouraging. However, he instilled in me what I think are very high standards of scientific rigor and a determination to formulate important scientific questions, and to be fearless in pursuit of the answer. What I learned during that time was (1) to always have a clear idea of what your scientific question is, (2) to make sure it is an important and timely question, and (3) to be make sure that you are the right person to tackle the question in terms of expertise and resources.
Do you have a favorite anecdote from doing science that you'd like to share (perhaps a key discovery moment)? I remember that when I was a postdoctoral fellow my heart would race as I waited for the X-ray film to develop that would give me the results of an experiment. In retrospect, this, together with the fact that I thought about my experiments all the time, was the sign that I was ''all in'' with the idea of becoming a scientist and devoting my work life to research.
What advice do you find yourself giving to your students and postdocs? As you might expect, as an older, experienced scientist, I have a lot of advice to give. Increasingly, I try to tailor my advice to the particular person I am talking to, and I try not to give advice when it has not been solicited. Overall, I think the best advice I can give to students and postdoctoral fellows is to persevere during your training, and don't assume that because you haven't mastered every aspect of being a scientist by the time you have gotten your Ph.D. that you aren't cut out for science. Try to be patient with yourself and keep at it. While it takes a long time to train to be a scientist, it's worth the effort.
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